Abstract
12
thought to be proportional to not only temperature, but also to the current initiated by 13 ionization events associated with the formation of each signal pulse. As all pulses are of 14 similar magnitudes, GM detector operational lifetimes are quantified in accumulated counts 15 rather than a given operating time. We have studied three different types of corrosion-16 resistant mechanisms to protect the bromine halogen gas from any interactions with 446 17 stainless steel detector components of ZP1200 Geiger-Müller tubes at temperatures up to 18 125 o C. Three types of surface treatments for these detectors used were labeled as "raw"
19
using only an oxygen-plasma-bombardment process, "passivated" using a combination of 20 nitric acid passivation followed by an oxygen plasma-bombardment process, and thirdly
21
plating with a few micron thickness of chromium followed by an oxygen plasma- helps to re-establish the electric field necessary for further discharges and counts to occur.
47
After the fill gas of a detector is ionised by incident radiation, any positive ions formed will 48 drift towards the negative cathode wall. Upon reaching the cathode, the ions will then 49 interact with the cathode wall and return to their neutral state by acquiring an electron.
50
Such a process often leaves the atom in an excited state. In this state, the atom can emit a 51 photon having sufficient energy to cause further gas ionisations; this will result in constant 52 spurious counts being detected. The quenching mechanism, however, interrupts the 53 emission of any secondary photons to reduce the likelihood of spurious counting occurring 54 to a negligible level. This concept is explored further in (2).
56
The introduction of an additional gas component (passive quenching) or the use of an 57 external circuit (active quenching) can be implemented to produce the required effect. For 58 more information on the operating mechanism governing each method, along with their 59 benefits and disadvantages, refer to (2) . Due to design practicality and efficiency in higher 60 radiation environments, a halogen gas-based quencher is more commonly used in the 61 manufacture of GM radiation detectors.
63
In gas-filled GM detectors, the depletion of the quenching gas governs the lifetime of the 
67
The drawback in using halogen quench gases is that, because of their very high activity when 68 dissociated, they might deplete through interactions with surrounding materials or 3 contamination, as mentioned in (2) . 
86
Liebson and Friedman, (6) , have shown that a GM detector's Vs will drop with less quench 87 gas and can be used to estimate the extent of losses in the detector quench gas. It has also 
97

Materials and Methods
98
To carry out these investigations, Centronic Ltd.'s ZP1200 Geiger-Müller counter was 99 selected; the halogen quench gas used is high-purity bromine. The minimum protection 100 process considered, referred to as an oxygen bombardment, was the forced formation of a 101 chromium oxide layer by exposing the internal surfaces of the 446 stainless steel to pure 102 oxygen plasma. Detectors produced using this technique are labelled as 'raw samples'.
4
The second protective technique considered is a nitric passivation process. Such a procedure
104
is commonly used to cleanse stainless steel surfaces of impurities and eliminate any 105 potential corrosion sites, as shown in (7). This is possible due to the highly oxidising nature 106 of nitric acid. After the nitric passivation, the oxygen bombardment technique was carried 107 out. By using both techniques, it is expected that the internal surfaces will be free from any
108
traces of contamination and also have the protective chromium oxide layer. This dual-
109
protective process is used to produce detectors labelled as 'passivated detectors'.
111
The third protective process investigated was chromium plating the internal surface of the 112 detectors. Chromium plating is a common industrial process used to produce corrosion-
113
resistant materials, as shown in (8) . 
142
The recommended 500 V ZP1200 operating voltage was applied during the ageing process.
143
The initial average count rate for the detectors at room temperature was found to be (2572
144
± 50) counts per second (cps) with a standard deviation of 110 counts and (1954 ± 45) cps
145
with a standard deviation of 144 counts for the high temperature jig. Since the radiation is
146
emitted uniformly in all directions, this difference is due to the environmental chamber 147 attenuating some of the incident radiation.
149
All detector samples were exposed to the source for twenty-four hours a day. The Vs value,
150
which is defined as the lowest applied voltage that produces a 1 V pulse across the anode 151 resistor, for each detector was measured using the PicoLog every few weeks to capture any 152 potential changes. analysis was to determine whether the halogen quench gas had reacted with the cathode.
166
For a set of regions of interest per sample, the elemental compositions were recorded and 
179
The plated detectors held at room temperature showed a gradual increase in the Vs reading,
180
which then appeared to become constant as the total accumulated counts increased. The 181 average change for the Vs values was found to be an increase of (13.2 ± 0.7) V, with a 182 standard deviation of 5 V, for 5.7 x 10 10 accumulated counts.
184
The passivated and raw detectors held at room temperature gave Vs measurements that 
212
The plateau plots acquired for the room temperature detectors showed no significant 
239
The plated detectors have a smooth, yet heavily cracked surface. There is a possibility for 240 such cracks to result in some trapped quench gas, or even traces of processing 
252
The plated detectors showed high average quantities of chromium (85.6 ± 0.8)% and oxygen
253
(10.7 ± 0.8)%; lesser quantities (< 2%) of manganese, iron and carbon were present on the 254 surface. These percentages were to be expected due to the presence of the chromium 
279
This increase is thought to be due to trapped oxygen within the micro-cracks of the plating 
283
Greater voltages will thus be required to give the electrons enough energy to overcome this 284 effect. Some studies, such as (9), have highlighted this effect by attempting to use oxygen as 285 the primary GM quench gas.
287
Other surface techniques were explored to identify potential halogen quench gas 288 interactions with the detector components. The X-Ray Photoelectron Spectroscopy (XPS)
289
technique has been trialed; while the presence of the chromium oxide layers was confirmed,
290
no bromine deposits were observed.
292
Conclusions
293
The effect of accumulated counts on GM detectors' operational parameters under constant 294 irradiation at two different temperatures has been studied.
296
The raw and passivated detectors performed consistently with age at room temperature,
297
whereas at 125 o C, both un-plated detector types suffered a drop in Vs with age. 
